



HOW WE FOND OUT ABOUT ENERGY 
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r 4)T4> RlRRxrl ■di'JiJ y_ch qgc] rP4c 1 fRRR I RTTRR c>r 4 |RT 
RFT RRuTT I fe RTRtR RTTR 4' It RR RTsR 7s[R yRpdd URTI RT RTRTR 
I |RT r|T RTI ‘■3Rrf’ RFR RTT 3HlPc|t*bK RTR I 200 R4 "'ll RRT fafsST 
%nfRRT rtrr rr I %rti rrI ?r rt«t rtt Rieft rr 1807 I rrrRt 



RvRf Rf RpR I Prr4> f?TR RR RTff RTFt RR Rll ll [4 >r 1 It 
<=hl4 Rit RH-d RR-t R> PrlM, TFf RR RRRT H-Sdl ll tRTRt RRt R^ Rit 
ddl4 R> Riy, 1?R RTTR RRdl H-Sdl ll [4 >r 1 Scr<=hl RRJ R>t cSdlA R> Rm, 
It RR RTFt RRRT RSRT 'll RTRJ RR RR RTfl R>t RTRF RRT Itcft ll Rh^l 
RRJ Rit STfRRi ^R RRT <4 Rll R> UlR RRTRI stfc RR ^[t RRT T^ Rll It 
%R RR Rill RRR RRRT ll 

fRRRt RRt RT^ RTf 3RR flRRt 3#IR7 T#R ^ Rsldl^, fRRRt 
RpRRi ^ RRi T#H 3RRRR RRRT It srfRRT Ril RRRT HtTI 

Rvdrf RR R>|4 I RtRT RPRR 1 1 RpRRi Rr 4 RRi It foTR 
3RRRR RRTRI RRt Rit RRRR Itltl 3?fc 3TR[Ri RTR fRRRt srfRRT RRt 
lift 3RR RRRT It RTRT RRR RR RTRll 
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atfro qq 3 *-3^lf’ FFq RF qFFT ‘3qqq qk’ 3 fffqq 

f^FTTI ■5T5jf TR7 qfa t 3T^T ‘qq4 feqi’ tl 3TN 

dy *'Jl[ q> dHijl'l qt <=hl4 qq ■Hcfrel 'fl 

W#q W 4' cfprff 3 ’3^lf ?Fq qq FTPR WTfTT q %qT k 
qqqj qk PiR-qn qq qt a^n sftcft sftqh qqf qf qt qqr «tt 1% ^ 
f^TcFTT ^TRI qq4 qkt, qqqt 3#FF %qq qqqt q£qt sffc qqqt # 
^iiqi kffr qtnti 


Aladdin and 
his Lamp 

3 FtI 1#T afrc^ 
qT^f fWT 


qqq d -5 do^I qq qqr $lai eft ^ fksrqq qq qf qq q> 5 c) : 
‘ 3qqq> qrfk ^ fqfqqq qrar 3 qqqf 1 1 3qq fqqqr srfqqr qq4 
qqq, qqqf # ^ki qqqf qk #qt sffc 3qqqq qqk i\ ^qiqr qqqq 
TT?qjq kki’ 

qq qrqlq qftnt qq tr> qrq qk qqr aft - 1 % d^ft q> ^kIhkr 
^ qt qq4 qqq^q ^tt ti qk qrqqT an % ^eftq qrfqqqf urr 
qq4 TjPFq tftqT t tkeft q qf qftf qq qqrqr qgqT i afk k qftf 
arqqq iftcft fi 

qqftq ^jqrqt ^ qfqtwf qft qrqrfqqt qjqr?!' t knk srqftfqrqr 
qftftq tt q?aq; qr^rt qpk 4 dftr; qkit qgq-q-q^q q§rst iff qnqfi 
37tkqq q^qq ■jrw 4 srqqrrqfq qft qiaq t qft sraft f%rqq ^ kf 
^ qr qqqn am kroq qt sfqq qq fkq siqqnqtq ^ f^R qqw ?nqk 
k tr> H?<q c)qi< q>q qrqqq ani qq qqk fqqq fqq^q arqqq qk aq 
qqffe k dnvsil kt qqR ^kniei qqqT aqq I 

qftqt 'giqT fqr qqqq qft qrgrfktr qs^ qiqqq it" qfff 3 hr-ci 4 
qft qrq qk 'll qqq qiqqT qifeq aq 3 f[q $tq> sVim fqqr akf qqq qqk 
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qt chiral mmT m m fmmt t q tt qi^-ttt UR fmtt mm qt 
RmRR ttt WIT aTT 3Tk R fmtt t qT^-ttt t qft mm fmqT aTT I mq 
WR qt tt qqt RmFT 13TT mqt' mqf mt ^ afk arm mt URt' t 
ftdmr fmqT eft mqf am mm fmrt ofmff qt armm ffi 

m -jRKieH qR wr qqf mm mr mqf ftfqq wjff qf mar 
qfst ti arm wyq mm mtt I eft fff, qt afR tq ft ft 
mm mtf ti m mft-mft ffqfq qqgf ft mm mqft ti 

qqr mil f qqrqf mt qqtqtt ti qft mr qqrq ttt qf qtt mt 
amt ft qw ti rh-wr (mimr) mt qqqf mt wt mmqT ti ^jftq 
UR mm qqr f ttt t qtmr m ■nmeii ti 3RR maR mt tt eft mt 

fmtt ftqR t imqmr mt tte qmqT ti 

qq mtt qft fftfq q*g mm mreft t eft ftffqq tt mt 
qfqftq tfeft ti ftm mm, ftm mtt mr ftm mm f fmtt ttq mt 
ftqrt, qgm mr tkrt mt amqr qft tttt ti muff mm afR mil afR 
qfqftq mart f mrf mtf mt amRT tteft ti 

mtffm qfqftq ttt' mm mreft t mrfqq qfq f ffftqq qm 
mm mt mqf tttti mr mt qftffq mqf ^rtt rrmt ti m 1856 f qm 
ftrfemi tqTffm qrf mfmm t mt ‘qqftftm wrqf’ mr ‘qfqq-mqf’ mi 
qm fmm ‘qqftfem’ qm qqpt mm t ffqmi qqqq tkn t ‘qfti 
Imeiil tft t qqg amt qqtt t ft mqqr tt arfqm mi4 qR 
■nmeii t afR mqt aeiil tt arfqm mmt tteft ti arm arm $<rm rft 
wftft qt qtq m qk tt mqt qtq qmtt t' afttt tt qmt qm 
qmfti m arm 3rm wtst qt tft t qtq m mif tt qf mq^ q?t 
m qk t mmemm afk qftm qmtt t' 3rfqm mr^ qm qimfti 

3rm qkt afR qqqt tt mqjt Rm-^mrm qft 't qi rtt tf qt 
qkt q^g t' qqqt qt 3rtarT mmj ‘qfqq mqf tttti mrftm Rm qmr, 
qkt qaftgr fmtt qqqt mft qafi^ qt 'gRFfT t* qfkr qt qtm qrr t* 

3rfqm qmi^ qm tktmi 

mtt-mqt Rm fmR qRg qt qmt qq qmtt ti rnmmr mt qm 
R?aR qt qt Witt 't' ftt qt Rm fmqR rn ftarq 'll 'gqT qq Rm tq 
qfmr mt ftm qmqT t afk qf fm qmqi ti qr ^tt-^tt qqm m ttt 
qjqmqT t mqf ‘qfqq mqt’ an qrtt ti qq mtt qqg fmtt t tt mqqt 
qfq tq afk fm< afk tq tteft qrtt t afk mr ymir mqqt ‘qfqq mqt’ 
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ft RR# Rift fl 3q% f R% rr RR!R trr ^nrt^T f i+JJdl t ft ft 

RTS' RRR RRRT t - WTW %R ft fRRTt 3RR RR]; Rft RRHIqLl RR 
RRRTT f I 

RR eft R R>R RRlft R^ RR[R Rr f^j rj eft oft f^ffR 3Tf 
doRlIffld RFTRT RTI dd-J HSlfl ft Pldd ft RTR ddlRil do'dl RR Rldl ’ll 
RR RR RTR ■HRxrl f fR7 4$ if] Rft rhik R3 fff' R?®R f RFRf ftft 1? 
3?R ft dlfl dRif^icldT RR SdRK RR TRT RFTT % I 

1853 f RRT wPlfdtN fjtlPw flddH ft tfRRT % fft R*g ft 
ffft Rft ffR% f ft Rft RRRf Rft ‘ Mlfff Rd RRff’ RT ‘ffRfdR RFRf ’ 

I^tfri 

RRJ f ffRRt 3fRR7 RTRlf RT ftft ft RRRt ft 3#FF 

^ft RR7 fRT RTRift ff RRRft RReft ft 3#FF ‘ffaffR RFRf ’ ftftl Rft 
RTTJ RTR RfRTf ft PlTdl f Rft 3TRRt T rf% ®lcoH RR q§d RiR 4l<=hl 
fRRRTT f 3pR RRRft ‘RffR RRRf ’ R|TR ^TRJ Rff RR Rift 1 1 ft TRJ7 
Ref RRFF f RTR ffrft f ff RTTR RRT RTF? RR Rift tl RJR3RR f 
RR Rft RfR RRT ‘ 'Raid'd dof ftl 

q^d RvRli ft R kR RFrft dttj Rft 3TRRt did qcold RR RT'JT 
TTRR ffelRT t ftT RT#TR RRRf ‘RffR RRRf’ ft RfR dfRRT ftft f I 
RT#FR ft RfftR f RRR1R RT RfR 3#TRT RTF? RR TTRRTT f I RJR3RR f 
RRRTt ‘fRlffR RvRt ’ R|RT 3#TR7 ftl 

3TTRRR 3TRf 3FJRR ft RRT ftRT fRT Rvft ftRR ft fflf ^ RTR 
RRTRI ftR 3Tlft t 3TR fRRRlt ftRR f fRf ^ RTR RRTI Rvft ftRR ft 
fRRT RT RTR RffRR^ fR ft RRR R RRRTR f I 
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yi'41'1 FIM f 3TFT cfct crtVil 't 1 J llcl'^1 FTFjf ’ FT ‘ftFfaF *vsi[’ 
Ft FTF FTFT Ft #f «M ffstf 3 F5t 3Tk f^ftf tttl F^tft ft 
FTF t Ft w FFt Ftt TJFT ttFTI FTFJ fFT Ft t fTT FTTFTT tt 3TFFF 
tl FT TTFF FTtF FTFf Fi FTFFF FFFt aft; FFT F FTFF FT FFFtF FTTt 
tl Ft Ftt Ft FT?t HmI tt hTsM, 'FTFlt FplF Pt)< FFtt FFFttt FIH FTc) 
tl F#' FFT FT fe FFTf tt fFFT FTFT Fs|F FfqFRF tt TTFTFT tl aflT 
FfF FFTi t fFTt FTFf ^TfFT Ft F ^FFT F^tt-FTTFt F TTFTFt t, Ft 
F Ft TTFTFT tl 

FTF^ fetf FTTFT tt 3TFFF tlFT FFpF Fit ttFT tl FF 3TR 
FFf Ft STFt FTF TTF5TFT FTFt t eft 3TFTFt FTFT FlyTT 3?ETO FTTFT 
FSFI 3TRFT FlttFt t FTFFT-FtFTFT FFTT 3TlT fFT FT 3FFtf Ft 
FFFIF Ft TsflFFT F^FTI 

FTFtF FTF t' <rlPl FT FTTfFt Tt FTF-cftTF FTF FT FTT[ fFTltt 
FFt Ft TTtt TTFT FFFtl Ft STT^fFFT FTTTT t' tt FFFF tt FIFFI 


2 FttFFR -3Frf 

FfffF F% FF FFTT Ft FFt t FT%F F% FT ST^tt FTF 
3T?FFF FTTF FTF FT FFt F FTT F str FFTt 3 TTF5T TTFFf tl FFTt 
F %TfFF F%fTTFt J 1lddl ffFFT F FFTF °FfFF t ftttF FfF FT 
FFItcII tt 3TEFFF fFFTI 3TFTTT FF FTF FFTF FTF tftFftTFf tt tt 
TFFffFF iFFT FTFT tl 

1590 F FfFfTTFt F FTFTF FT FFt Hlfdtt F tt FJFFTt 3f[T 
T^F fFlFFF TTFF t' FTF FTF FF Ft ^tt FT FTFT I FF TTFF FT FTttFt 
3tr FJ3FT FTFF FTTt FftFT FT FFTF Ftf 1T3TT FTI tfFT%Ft F F^T 
FtF F FefF F tt F tF FT FTTT fFFFTFt ^t FT Pm FT TTFF FTFT I 

Ftft FFFft FTT ftTFFT fe fFTt FTTR FT 3TFT ttf FT 
^FFTFT FTF Ft FtF 3FF-3nt FFFt F% FFTTFR FFFt TFFf tl Ftft 
FFT TTTFT FfteftF TJF FFTF fFFT fFTTF FF ftftFF TTFF F FTF fFTt 
FTTJ Ft FfF Ft FFFT Ft FT TTFTFt ttl FTT TJF tt FTTJ fFFFt ^t Fet 
t fFFt tt FFFT FFTt FIT TTFTFt ttl 
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RT Wdft t fe WIT ft" fftTcft % Fft eHlldK ^Wcft Weft t 
3?fc WFFFT ‘FfWT-WRf’ *ft FFTRTR FWft Weft || ft Pel Pel 4l W W $ 
cTHTt Fft ‘ dlel^-do'dl’ Rlt T{ cfol^ RFl ^IK U II wft aftl WF 'ft' d-^ 

‘Fftw-wRf’ ^ 4 ' wt rff ftft fftF 3 ftfdR'Rl w wrftfti 

wr wtjj 



ftMwrr 


Galileo 


fftTeft affc ^chdl ftft ^ WaT WI W[ft ft WW ftfftfFFft ft 
■q=F 3TR Tsfftl <*ft sft| 1581 ft WT jiRrlRrl-Ml WF wf Rl W eF? 
WFlft fftTRFH ft -qcfT Rt W5-WWT Fft IRT ft> WW ft ^JFlft ftM «TTI 
WIT ^ ftsi sffc 1FR> WFT ft Wftt W^-WWFT 3#FF <|ft 3?fc 
wftt WF ^ cR7 ■gJFRTTI WFTJ-FR <£& eW IjJFrft ft RR^F Rft 
&lelft ft W RTT del’ll ft FFR FFRTTI ( ftPelfelft) ft FFR 3 h h 41 'll si 
(WFT) ft WWI ft wft fftlft ft wft WFel ft 1% dftld Rlftt WT ftft?T 
^Tl^ ft Wf fftFl) 

W WFR ftfftftft ft WFIW (ftfFR) ftft RR WWT RWft 

FsTFR Fill cd)eld-> SFlft Field ftf sad) FlReF ft dildd «sle) ft 1% ■HeeK 
WW WR Wl WFTFT ‘ftwWTW WTFFT’ WTlft ft fFR WTftftT TT3T1I W 
Weft ftftft 8ft ft ^pRl ft FFR «t ftfl 

3FR 3TFT HFFF ftt cblftM^Pd ft! -HHSHdl wftl I eft 3TN Tp 


crllcrloh I THchc) ll Ik R> irk RTf RR RT R+i-hI RT <=hlcrl 

I rMI fg>< Ik r> ^rk Irk rt cbU Rkt Rrk" - Ik rt| ai<ni rt 
R i°tjj 1 mh Rk sif=hl 11 


■itkTkwt cfe RT ^ct,dl Tf^f Ri RTR RRTR 



fff^ Ri TkM RT M,R> sfk 3Tk P+>T <jThO Hk ^1 IM,- 1 1 1 1 klT 
RR fwrfWTT R!R % cRT 'Jfl-0 T^TT I RRT Hk S>HT ^llc) ■HH'H qTTqTR) H 

T rf% *M sk r)h 1 Hal 'Jiidl ll akr si% k rT mri sir r> Rm, trItti 

P+K Rf -dril UrTT k Ir 3rk Ir J ifcl k ■^<r) J ll I RR Rf fffR> R> TRTT 
PirH 11 tH RT FkTI If dTlH] Rk RRRk Ir ITFTtl fRT Rl <jTk 1 Hk 
WQ7TT 3fk SR RTTRft Rk Rkrt 3k Rkft ITH RRTTtl 

Hk-Hk dldRi RRT sfk vriicll I afk dTHcfil J ifcl Uni 3rk 
3TfRR7 Rkft Htlt I Ik-lk vSThHI RfRR-RTRf It RRT Hkft RTTcft 1 1 RT 
?TT #R Rfffe Rf OT! RBRT I ^TTk RTTRk fkrfRR RTRf d J lldk RRcft 
'll RR sikhl SihA rM RT IkTT I RTT TTRR RR RTTR! RfRR-RTRf RJR 
HU I RRffRT RT RRT SJR k %R TRTRT 'll RTRJ RTT ?M fR^ RT 
RTTRTRT H IkRfRR-RvRf TRTT ^RRJ Hft I RRffRT rHt RT TRTT RvH TRTR 
RT ItRT ll 

RR RTTRIRT D -cl 3TTRT I cfT RTTRft RfRR-RTRf RRRT R]TR Hft I 
3fk Rf HrT, air ID TT RSRT 1 1 RT RTT <TKM RTTRl fTRfRR-RRrf RTR 
Hft 'Jiml I RRffRT RTTRI 'RRT^ RPTRTTT RTR, sflT RTR Hft 'Rlcfl ll 
5)T<=h ^ TRTT fiRcl fR^ RT RTTRI RftlR-RRrf TRTT srfRRT Hft I sir 
kRfRR-RTRf TRTT RTR Hal 1 1 
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Galileo Watching the Pendulum Swing of a Chandelier 

flfdfdii) PHvHIVH 3 ftTR-WRT cfc ffrcfc Pn^Kdl |RT 


dlddi si)'<*>l <rlc1 1 t tt-'tt d'Hctil J ifrl'Jl— •dO'JlI cbH 
tit) t 3^lT ftRfcM-*'Jl[ q<scf| tl 1 h>< RTR tf d’H<=hl J ifrl'Jl— -dovriy G|(odl % 
sfk ItRlRR-R^Rf RRT tit) 'll RR y fsh^ll <rl J 1 1 cl K , RR-RR tit) tl tit) 
Rt RRM f <rl J I Id K RRRT-RR# tft) Wt tl 

rtrrf Rt rr4 r^Ir 3 r^t) rr %nftRf Rt rf rrrt rrst 

f 3TT^ fe f^FT RRR Rt RJRTSTf RTf 3THRT 3RRH) ^ 3RRTT-RRRT RT 
RRRTT tl 

3TR RR RR> RRRf <jy<l *'Ji[ tf RRRRft t RR t)<M Ryrl RRRf 
Rft RIRT t* Roft fRTRT Rtt tfcTT tl IR RR RTTRTRR Ri RtR) 3Tk T^R) 
tt RvRTf RRT RRR RRRT tl 


10 


TOT 4 %TTfwf t dloW ^ ^ tlTOT ^RT fTO| -qr f^cFTt 

qfTOT-STOf afpT fwt fTOfTOT-STOf f TOTST TOp| TOfft TOTT % 
TO fTsifd f j iRi'Ji-*'Ji[ str ■feRi'Ji-*'Ji[ to tPi ^-•hhm sldi to 
'{Idd tP tPTFT '{hi SWK TOP dndty, <rl J I Id K TOd 7TOP *ff TORI <={>d *dl 

qfp W PdfiNd TTOTP «ftl 

dldd-d^dl 3^77 ■feRid-*'JiI TO PrdldvT 'HlPddi-didl d->6l 
WI tl TOWT TOTOT? TO?M f TOWT ?PR RT *M, TOTO RT tf# TOlt 
TOP ^ ttt tl TOM' f 3TOT7 RfTOT-STOf TO qfroN fTOfTOT-STOf f 
^cn tl ^ TO TOWT TOST ttcTT tl 

TOrfRR tow qP to f tot to? Trot t fro srif Rfror-srof 
sfpT fTTOfTOT-STOf qfp Hldl dFTTTO q<Tddl TTOTP tl TORJ S77t q>d 
TOlfW-SWf qfp TOT TOWT TOT-^TTt TTOTP tl 

tot TOtrof ^ qfwPR ttt ^ TORjq fqrrrP to toP qrqr tot Rtf' 
«Kddl eft TOT TO Rif TOfTO TOT ‘ <=M<k ’ TOTOP tl TOW f TOTfW-SWf 
TTTfSTR T5dl TO 

TOTOR TOW ^ 3TTOT SRT TOtwf <£ TTTTO tP t^TT tP 'gYcTT tt? 

tIttP qrf q^y, tttf t IrtrtoP qfror sfpr IrofTOT-wsri totorrP wY q^ 
torj5 srtoP TOffw-swf qrp tot wf-totr t?rP tl tot tot tort 

PH^PdTO fRTOT TO RTOf t TW?t tl TO TO tt TO TW?t t fTO TOW TO 
TO TWTT TO TOlfa ‘qjfw-wsrf TOTO’ TOt SFJTOTR tl 

TO froq to tot to frorot tl tort afpp sritow % ti 
tor qf toNp qfp tot fqqrt TOrof to toto tt alt i frot tttot 

TOTTOt dldd-Sidl qt'il 37h froldd-*dl TOT tPil I TO7RJ H>T(f t 
7WTWT TOP fro TOTO 3TTTOTI TOTO Sflt TTTOT TOTTOt dldd-dodl qlPil TO 
froldd-*dl qt'il I 3TTO TOt rfddl tt TOwf TW rfddl t TOT "t Siml 
TOT TOTO TO TO TOWt qjfw-TOqf t TOpf TOR TOf 3TTTOll TOT TO Rt 
d)? TwY t fro TO^ ^ PkA sflT "JT: TOY ^ tlTPT ?lTO iTO^ ^ ^^TWt 
qTR qiPqch-Sidl TOP Hldl ^ch-TIHM TtP tl 

°ht TO PkA 3frr fror TOTTT STOTT TOl TTTTOT sfpT TOtW-STOlf 
^ fwt 3 3TTO7T TOPRTT tl 
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3 

1600 sfk 1700 Rl |l7FT %RTfRRTl' 37TR7T % Rf% 3%7 TO# # 
fRRRf' R7 W1 RRf% Heft tH R7 fm7 Rl % 7T7RR 3%7 RTfRRT-TO# # 
f%RRf RTf 7W 7TO % R%1' TO RRI TO 7 yftcbd TO Rl fm 
mfRm-TO# # trrr H fro 37 t#tto % tor toT rtt% %i r1 rrt 
7ttot yi^Rim from- to! rti 

37R7 3TR Rm <ril<rim ml % TOT sftm <ftft % %1 Rft-Rk #fm 

#1%, sfk Hft H% to# sk sfcT %' mtmm tot tortti tor k fro 

TORT Rl TOR, 3lk mR TOR# TOT del -'ll 3# 31% ft* Rl RT# R7 qcm 

tortti tor mrof 4 mfror-TOrf rtr H%1 tortIi rtrI-rtrI to 

RfeT 

r)h 1 dRi k mR sldl t sk rtr1 rto <1rI k rt rt frofd k r><r 
mfror-RTOf mR kdl li 

pH-Hlerl R> IklM, 3TR fmkl cdm-sl ml R7g ml TO 7 RlR k f%RT% 
fmR RT# R7 >+)# | RTg RT# Ri ■KK R7 fRTReFTl RTRJ ^ mHl <*>V) TOl 
rMi re#R rrrtI fkifftR-TO# tot tMi srr RlfRm-TO# # 7T7RR 
r! Pirh rr! Hrt %1 rr rttj ml Rfror-RTOf mRl r! rtr to! Heft sk 

Rl TOIIdK TO# R# k HlRTT 311% to# 75# | 

R7R3 RT7TO H" ftdHI TOl 5 # I 1? I RTRtH ml R71J #1 Rfr P^dKdcl 
TO #ft Hft I 3#7 31% % Rl TTm TO% %l 

TO RT% 'TO 5 Rk RH Rlfdm-TORf TTTfSRT TOl Hft 'll Rl TORT 
RTOTcft tHI I, RTO ^ ^kRTT R^ # f%RT % RTOTcfl tl TOml RIRT 
TORT RTR Heft 1 1 

R7fRRT-TO# H RTR H% RTT RfJlR RRror t ‘Rkr’ - TO 7 RTg 
TO RT5 H 7TTR TRSTO ^ TOR# H TOT%1 ^ RT# 

R7 ^7 H RTRT7 7TO RT%1 ll <^<5,1 RTRl R7 RTO SllRR 7 R^R eURT 
I 3# lRT7TR% RTR! R77J R% TOTRTR7 r1%R-TOr1 TO R%R RT RTT^ ^ 

%' 7°T% H Rldl %l 

31R7 RT# f%RTRT ItRT # RRT%1 R% RTg TOT% % RTOT TORI 
TOl TO RTTcfll 3TR7 R7g R^ fRT7TR 7%1 %ldl cH Rl 3%7 Rl 3TfRm TO 
RTRll 
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Rq oTTcT^T HHt HcIT I eft oft l?qT H THR RTRT 'll Rs? THR 
1 63i RT yfddq’ H q^r y<*)K RT hHi 1 1 Imh llddi qtt -ski H; 
rrI rrH m H #3 H rtf q|q Hr li 

3FR IR f®HI h 4 u I qtt ^Piyi R>t dieRdl q| If rH 
3lPdR>-diqf RR IT^RT sill I ReRdl Rl 1% 3TRRT <rll<rl c b Hdl 631 qf 

3ldl3RI I - qR HHcT I HfH If TR tl 3FR HI H fH 3T Ht| 
h 4 u I rH Hdl If ellelR> 63^11 H Hid, HfH kldl tHtTI yR>K fdHd 
I 3FR Hoi?! 3T [HhI HI RR P=HI TTl IHq '314,31 If If RRf 3T 
ddidK rH w Htti flqfq I q^qq flRH q^t qq sfr fUf qqg 
Rtf Hr RIM, If If ddldK P+>He1dl Hi 3TFf 3<Sdl Hlfl 

qq^ snalf F*kH I q|q Hrt li rrH rrrt Hrr-rH 
H-H rrt Hit li qq Rraqr I If qidl rtr I? If rrt qpr I* 

If qidl I? qT fqq If drJif H fUf rrt Rq I 3dei qml I, qnqq? 

4,r> Hr hI u i I RRq Iqr Hit I Hi If I *^-11 1 Rq rtr 
3fH HH writ Ht vi-sd I It I ql H rH Ii rfk rir H cir-sI qft 
HUf qtf wt qqi? H qR-fqk H qq| H I iRlf ql H RTqqff fl rtr 
ddl 3 tr rrt Hdid li rrt rrtt rtt RRf I rtf qqq^q I? 



H*H Ht sjTsiifi' I 3TR qqRT 

Making Fire with Sticks 
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1700 4 TO# %Tlf#RT TORI R# RcR TO TO TOR# RTR# # ## 
R# #ff#R t# TOR ‘TORRi’ ^ TOT TO ‘^dlRcb’ TOR# #1 TO# TORTT TO 
f#T <tdlR=b RTO #)TO # tjr# #' 3TT7TT#t # TO RTO#t #tl TOTOT RIRRT 
an fo R# TO5 #' TO^cT 3Tf#TO <^dlR<=b tt#t t 3#T 3TRT R# fro#t TOT 
RT^ Ro TOR TORT TOR eft RiTTtftTO R# RTg "# TOt RTg #" R{0il I RR# 
TO? RRJ 7## tt#t sflT TOt R77J TOt tfltl 

## eft TO RRTRT TOtTO TOT#t aft I RRtR #f Rry, 3T1R #t TOt 
#t#l #t RJTR TOt I '{I'll #" 

TOTOlftTO TOT TOTO TOR el'll I 
RTRJ TOR #t#t #t#l TOT 
3TPTR R <' IS# # # R# tt 
TORRt ## TOR# 4 cell Rob TOt 
RTTO TO TORRtl 3HlRsK TO 
^TOtftTO TORT # 3TT#? 

#TOf#R TORTTR 
TOR #> RRT 3TR#TOt # fR 
TOR TO RfR RTTOTOTOt TO# 

3TR#TOt sblfcl #f RRR TOT# 

S'eR-S #f RRIR TOT RST 
f#TRTI TOR# 3RT#TOT TOfe 
f#RT 3#T fror TOT TORt 
TOTOT TOT 3TTRTI RRR #" TO# 

RTO TOR R# ^ ‘#fTOT#R’ 

TOT TO# f#RT RRT ## 3TR 
RR TO# TOTTO TRTOtt #■ 

R1R #f TOR# tl 



Count Rumford 


TOTTO WF## 


1798 #' TOTTO RRR## TO##t #' #t#f R# f#RW TOT# R# TOsTOR 
TOT TOT TO I RfR RRT# R# f#R TOR ^ RTO# #' RTO TORT t# TOTRT TOgRT 
tl RTT ik TOt fTORt TOR TTTgT TOR <£ 3#TOT #t TOTTOTT RRTO tl 

t# TOTR# RRR TOR Ro RR# RTO# sftT 3flTOT #' R|R R#R 
ttTO tl RTT# TOR TOT RTOTOT 3#T TOtTOT #t#t RRR R# tt TO# t R# TOT 
TTsTR #f fTO7 TOR RT TOTTTOT RT#t RTTOTT RSRT tl 
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WRf RRR1 RiRT R 3Rff |? fR -qr TRRifR Rif 3TRRR |RR| 

Ri^ %lfRRif Ril RTRRT aR fRi RR 3TfRR ^ r{ RrR Rif RRRRT t 
Rff-RR arRj R>f RrIRri, ditRi Rf RR R RI6T Ri=bcrial i?l RT ay*! <^<ri 
reel'll =h<rl]R<^i sRD? '{I'll anrpr R cRsl aff RTRJ llR-{)R afrg ^TSTTr 
RJR RR-RR Rt RIRT R *^1 RrI ffl fcpft *^1 RrT ^ fRi RrR 

R[ Rif Rift Rif fRIRT R1 RRiRl an I 

ante R R=F TJ33RT 3Tf3TR R ang R RRiR R ik Rikf Rif 
chlRl^l Rifl RrR RRffRi an^ Rff Riff Rf Rdlfkb Rf R1?T RRf (H°bdl I 
RRT t^ETT Rik R RRR1 Rfl RfRl RR Rf WORTt? rRR ITT RR Rf ^RT RrT 
sfR 3rfarRT a 41 Rl fR RRi sflRR an^ R Vl-Scll Tfl RR RRi dnca-il 
RrT Wfcft ktl 

EWl^ Rif fTRT Refi RRiK Rif R% ERTfl afl^ <R RRiR Ril RtET 
ajRRT - RTTt RRRif -HIRIR RffR-RiRlf TRR 3RR RRTR Rif R% RPft 
fRRT if WI Tft aft| 

<H l -h I -S Rif RTRl fRi fRRT tjR RR| R>f J ifcl R fRf RRT 'gf I fR 
RTRl fRi doN-ii fR RR ali dRi-sl R ReRR TTf RhR RTg Ril aff | R 
tRR-rRR iR>S fRR TJ^>T R fRi Rf 3TR2T R Riff R< 2 lcl af afR RRRff R% 
feTRt RR aff fRi Rf Rf RRf fksIRf aff I 

afk R kfR RRiR fT fRRTT if RfRRffET afl 3TR RRffRi 
3TRFT-3TRFT fRRTTSff Rff J ifcl'HI "RRi ^R[f Rif R^R RiR ^eff RRT%R RRf RRg 

ffaR RRR 3 h i cfl aff I 

RWff Rif anRnn <£ -3RRRTR RR apfur 'R Riff RRg fqiRTRRT, 
ffRRT-i^RFn RR RR ^Rff 'I' RRTRff 'lldR-doRl Riff ^><1 Rff ffffl RRTRff 
R%R-RRRf RTRRR RRg iR RRT^ #ff RRRRf R' Roff RTeff t afR RTTR R 

rrrR rrR RRg ^ rRR rrrR' R Rfi 

RR RRTRifR R RTRRT RRRT RRT anRRT Rif Rrt fRiRT Rf R^R RiR 
RrtIrrR R RR RE RRilR fRiRTI fRiRf RR§ ^ ^R RrR #R RRT Rf RRiR 
t fRi R 3TR2T R fRJRli R Rf 3TR RRRR ^R R%Rf Rf R fRR? RR RR 
RRiRTR aTTI 

1803 R, RTRiff ^ RRfRf ^ fRR? RTR RIR RK R=fi fRfeRT 
RRTRRRIRR R R^i 3RR ^RTR RrT fRiRTI R^ffR fRRsTTRT fRi %TTfRRif ?1R 
Rif Rf Rif M WfRf Rif RfR 3TIRTRf R RRRTRT RT RRiRT aR 3RR Rf 
RTR %RT RTR; fRi RRt RRjaf tRR-tRR dRisf Ri RR R'l RTRRR R JZ TJ^R 
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srj ^rrari 

snj A fe 3TR§ff ^ ^ T TFn 8TTI ’'T^ 

snjsff ^ SR^FRITT ^ifHchT S?Ht wM Wfa fe ^fcT 

3 ^iPncb sngsff ^ cnwRcbdi 3 ^ wti 

^qiiPi<=hl % 3^3^ ^al'dA Rm, ■hI-ci-'Hhsi 

wi tA\ afrr wi ^ qrra-qrra -^#r qjs?r snjsff <£ ^k 3 

^ ^FTTI ^TT f3 sngsff dPd^llddl ^ ^PFT '3c c FT fM t 
SR^FRiTT ^T tTFm 4' # 3R ^FtfKRt «ftl 

fetft A\ T^I«f ^ 3RJ f^TcFTT 3#RF M 3 fetft ^ f^TT 
dPd^ild ^ ^T Wi| '3cRT i\ 3#RR ^ ^TT| 

^ -q^i^ Iwtt | ^ snq amWter (dNHml) 3 ^frrt 

dlMHH tm TTieTR RRRl fl 1800 RJT 'U n T^cdT ^ dlMHlPMdT 

■^ft <al^1 ^ ■g j <^l 8^1 RRrt divsll ^TT 3TEJRR c^J^j c||p| cj^lPlcpf '371 ®l§a 

WRJ ireni 



3R 3M 37W 3Tl 3f?RT-R5lf ^t T^cR- wm RTR5TT wA 3RT 3f 
fR ^lPd<=b 3lf337-R3f <£ RTTSJ'JT <£ fwff 37l 3R R RTfR ^ ^§r 
qiRt ^i 37in 3 # rh Rffo ^5 ^frf^-^rt ddidK 
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I' qd,<rl Til sff - Rl dovill RT y*K ll 


d->$t qft sMIM, 1% ■'llfl'Jl-dO'Jlf, 'felcl'Jl-dn'JlI tf qqel 

I R7 RW TRil f fe f5F?ft *ft TIRK qft q^qf fe^Tt It ^FRt cIR Rt 
cft'dl I* ■Hohol ll 

eKis^i <£ %tt -^rr^rnrni qfqqr-qqqf, w 4' qqqr RFcft ti ^ 
r? ^cTofr qq rrr Rq qt qnRr qRT-qht Itar I It q|r rw Itl 
qflq-qqqf I «raft ll 

qqqf <£ q^ srt qqqq It wm, Rfq, fq^q, "fRqr snfq 
qrqt tt ift ■qpj-q-'qpij qqq qq qrqil It I 'qr^rt qqqf qt Hr Rq It 

q^l qqr-^qit I 3Rqn-sK<qi r ■n^di li flsjd mr irq ■qr It qqq I 
qqqqi % qq: rf! I r fqn: rr! qlt qR t?rI li fqqjq It ^qcbR 
It Iqt Urt r qtqrqT I afrq ^qq>R I fqqjqi qR% qqrpq afq qfq 
#qf I fqqjq Iqt qft r qq^qft li 

wqqf qt fqqqfte I Rfq H qfqqr-qqqf % It qtqqft I, 
afrq qq^ rt! 3 qqqqr H qnR % If rr! li ftHrc; 

‘ JWMpHcb-qqqf’ It qqr qiwPqqR li qqft qqqq qqqqT, rw sfk 
qHq-qqqf rtt TiRqfqR qftqlq rri rrr I, fRRl ^ 3rft qqqfl 
sr wqfqqr qqqf qq Reft It 



|qft str qni*< qqqqr Iqr qqlt fi 
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4 f>f[ w TRgTtrT 



Julius Robert Mayer 

FRHAIF TIF^ 4FT 

RFT FST TO 3TFt Ft tl 3TFT FF ^jlFFT 4' fFFFt Ft w F7t 

FRifir t FFFft ftft Fit stiff 4' fM cfr fft ffff fIf ffftt 

M.ch-'HHM <^ J II? Sn^t F> y,F> TFF Fit <yn< ft* FFFTcf -HHF FFT <={>*9 FvFf 
<rj,Kl iff Fldl it? FFT <*>« Sn^t STF-t 3TTF slot it? 

y,=h ^4-1 ^qllp-l^b '^frl'H’H J J®|4 4 fT 4 FFF H6F fF FFF FiT 
3TSFFF fFiFTI Ft RFT RFTR FT 1TTFFT ft sfk crl*41 FTFTF FRc) ft I FT 
FTFT3ft* Fi FRR F^ FT fFFF FT Pf'cM FiFt FiT FFJT FFF fFFTTI 

S-4 FFTT 1% 3TFT oftF FfFF-FiFTf sf(T fTFfFF-FFFf Ft STIFF 
4’ FFFPt Fit FIFT Fit FTF FF> eft fFvT ff FTfFFi-Fi'Ff sftT SntFI Ft 
STIFF 4* FFFTF FTt FTFT Fit Ft FIF FFfftl 1840 4' FFft RFi FF1F 
fFFTT fFTFf F#f Ft# £TTT RFT FFTlF Fit FFTTFTI F#F #* RFT FT# 
fFFF Fit iFFTTFT FFTI FFT 4 4ls UF <2l4 FvFt sflT fFFF 4’ STlf 
FRFT Fit FFFT Fft I 

FtfFFT-FFlt £TF FRFf % FiT?t FFF FFT 4 ‘fF^fFFRT 
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3RRT ffe’ RTf TRIR Rftl 1842 R R^#T fRRR RT RRT fR®FR 
%t°TT affc RR fRTRR R RR!RTRTI 

Rr< RTT RRT fRT M Rt yohK Rif ■dW RTT fRTTTt Rt 3RR 
y=hK Rft ■*'31 1 R ®K<rHI TRRR shl, RT RT RTT RTR *rI Rff RTRT RRRTT 
MRi-RTfl <5 J Pi I RRT RRT fRT RR RTR Rlfqcl rIrI RR Rt RT^RTRtl 

RRT ^ 3RJR1T Tjf R fTTeft RRTTRT Rft RTRf Rft tM' RT 3RRR ^ 
RTRR R' TRR R RRRR TRRR '^THT I sffR RR 'RFTRT RTRT RR RR RTRR 
Rv^JT eft RTRT RR TTTTTRIrRT RTRf RFTRTT Rft TTTTTRfRRT RTRf R RRR 
RTTRRtl 

RRT RR RRT fRT TRf Rff *rI Tl Rt TRp! R> Rpft Rit RTR RRcft 
t sffR 3RTR: RR RTR RTffRT RR R RRtR RR fRTTTt t 3^TR RfRRT R 
SRidcil slfll ill !TR RRRR Rj4 Rif *rI R$cl Rpft Rif *rI R RfRRfifR 
#TTt Rfl 

Tjf Rft RTRff R RRTTTTRR 3RpTR RRT Ri Rp3 RTR 3RR RTf 
SlfRRT Rff RTR ill R^f RTR RRRR RRR R 3ffR RRRR RRli di-S RTR TTRR 
RTT?t fl fR RRRR Tjf RTT RTRf RRR-RRf sflT RTRTTTRTT RTf RlR3ff R 
RfRRf?fR #Rt Rtl 

RTR ^ RRf Rft RRf RTTRRR 3f[R fRR RTTsTT-RTTfST RTRT R 
TR5RTT RTTRRT RRRI RTRtR RTIR R RR RR RRRR RR RTR ^R RsftRRTR 
fRRRRT RRTR f| RR RRRR Rff RTRTTRfRRT RTRf RR RTRR Rft ?fR R RTRT 
ff RtRfl RR RR RR RRRR RR RTRTR t Rt RRRTt RRTRfRRT RTRf RRRR 
3TplT *cj-|| R RRR RTRt 'I'l 

RJ^T Rg^ RtRT RTt R?g R RRT RTR 3R? R RTR RRTR RRR 
ill RRTR Rff RTRf RR T fT?^f R 3TTR)' f^RR RR TJ8R ■HgsO RtRT R RTTRT 
RTI RRffRT RTRT R7t RTRf RFf ^ 3R| Rt RRfRR RRTR RfT RTRrf RTT #R 
RTT^^tti 

RTR fe Rid RTRf RiT RTRT R fRR RRR RR RRT RR R gRR 
R RRRT RT RRTRT ■§■! RR fRfRRR RT RTRf RTf^TR TtRTl RRR fRRRT R 
RRT R ‘RTRf RT^TR R fRT^IR ’ RT fRRR RR fRRT RTI 

grrl RtRf RTT 3TRRf 3TRRTTRTR RRRTR R RRT RTT RRRTf -gfRRTR 
STT^I RTR RRRT fRRTR RTT RSRTT RR RTRT RT RR RTT gR RRI RRT 
fRTRf RTT RRT RRT fRT TJ^f Rif RTRf Rif fRTRRT RTRT RRT 3ffT RTTRR R 
<g-4 gf? (rll- 1 ll R ScMI RRT RRT fRT RRT Rff RTRRTRTfRR R^R RTRT 
TRf #ffl 
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Deposits of Coal Were Formed from this Ancient Forest 

RfciRt cfc spj^tt yiJIn $ fj^r p; 
rM srt 3rr 1 ^iPnch Ri4'wT Rff 3 tr#rrt sfk PdRRR{ Rt 
#R! ^ 3TR ddlcRlP^d fir fe R^#4 #RTl' RpRRr Rft Hsl4<=bl 3 
<=ti5<=b< R>tl SRpI ad<4> “TO -did 3TT^ afR d-5 d>s9 -HHd R> 

%R RRT HldPRch 3RRRM 3 Rcff fRRR Wl 31% %' 3RRRTR1 % %T %1 
fQ; R7RR RTR R^% %#TR7 RTlR RRRT R% RR fRRlI 

1860 ^ ^iPldil RR RRT Ro RlfRRR% %> H$cd RR Wt 3TRTR 
7[3TT 3fR P+>j TR =hl^ iRR R% yi'l’-Hl RR% RFTTI 1871 ^ RRT ^ <=bl H<H 
t^SRT ^ ddldl RR1I RR RRR Pd^M RT RlfR Ri %R RTT RR% Rc^RR 
afR RtHlPdd gRRRR Rll 

%R7 R>t 3TRRRuff R7t 3Hd??<rldl ^ 41^ y=h d->K u l R1 fe RR7 
% RpJ %t ^iPdch RRRT Riff %R %l R^)% fRR? RR1 3RTRT fRRR R1 
f%R% Rfel RR1 f%8RR RTf PHdldl tl 

■QcF MRR %fRRT %JR RTRRR RJRT % 1RT RRRR R% ^ RRR 

^ RMI 

RJRT RRRR % RR%f #RR p% %l RRRf fRRl RR RR1 RRTR RR 
RRRsIRR R1 PdRRfl R%R #RRR R%f 3R*% RRTTf %t%f s%l %%TRt ^ 
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RiTRR Rif %8R RT RT Rf ^ 3fk RRf' 3Rpf R7 4' ft RcR RR1RWIT 
RRlf Rf Rf I 

RJjT Rif #rT Rif ¥R 4' RfR RfR Rfl 1840 4' ^JRF if 
3H<ri J i— 3n<n J i y=hK Rf ■ylR) ft ifRT if diCRi Rff ■m u mi R>fl srr> %R 
R^#t RiRf Rf RRR[RT Rff RTfRf RiT RRRfR fRiRTI 



James Prescott Joule 

3 rt rtst^ 

PlRId Rf %R R^#t RTRt Rif ^STf ^ RRIRTTI ft[R Rif Rif 
R^RTf ft R<RIRI I vS'-slA Hldl Rif Rf RH-t R> %R Rff Rl(lR> fosf f RRT 
R1R RRTRTI 3R?tf fft Rif RRRf furlf fRRT sffa RTR if* RRT ^RTR RRTRTI 
R^ff RRTR RtRf f fRSJR RTR RRlf sfk Rf fRiRTI 

RJRT Rif RRfR RiRt if" fcFTT 3RRR 3RRT RT ffi ft 3TRRt 
■ySl'KId Riff ffR ft RRtff f ^TRT f I RTTRt Ro RTR ft 3TRRf Reft Ri 
RTR RRi RR RRT-RRTR Rif fllf RRI Rif RRitf 3TRf RR RRTR fRiR 
RHIhIcR f ITRf ^ RTRT afR ftf Rf Rift RR dlMHH RTRTI Rf RTRRT 
Rl$c) f 1% dlf PkcI RRR RRT-RRTR Rff RiRt Riff *c>HI if" Rf RRf 
RRR Rf aff I RdPfR 3RR RR RR RT Rf RR RRRT Rif RTRT fRTRRf ftl 

1847 if, RRT ft ffRR ft RTR RTTRT ft 3TRT ^RT if RR RTR Rif 
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■HI 14 cl qR f^TT «TT fq» sR y=hK qff qft -HHM-HI3I Tt 1R qR cSdi) 

# Riqr 3 r^rt % #fh qp 3 Rqq qft sriacn q# srfqqr qpqT 3 

' PH^PHchd sJcH^-d 3W Rfe’ W feRTI 

sfft qqffqi *'Jl[ Rq> Rq Tt >j<rK RR 14*11 r=t><Hl SRT q> R^Rt 

RT RRcft «ft Rs? 3TqqRRT ‘RRf RTSFT ^ fR3RT’ RT Rt fw 

Rtcft 4tl 

4 3hh^ RT^ qffRq>i4 RT Rq> fqqqq iRRsTT 3f[R R?f yq>iI4ici 

rr 4 qft qfh rt qr rr 4qfqr ^iPhr cfr $ r#'i 4t trf 4r 

!{41mR| *4 3p(T fRcTT qff RRJ q4 RK qpR t $ cbKMK q4 WdRTPJ^R 

Rdl ^1 4qllPl=hl R RJR q4 STRlK^l q4 RtRtoTT ^ Rsf! feRfT sftT 
r# 4 qjq <£ ftoRr qq wr 4 ^ ^qqqq feqn 

VWI R[R qq RT^ RR 3R°RR <£ %TT rjR rrj qT| RfR 4 

strr rt^ q4 ftrqnft^i rrt 3tr4 r 4 %fRR fqqqq q4 rr srorr 4 
qqqT fqqn rr 4 qql rtIr rjrf q> fqqRt ^ qqRR Rf Rq>i rrri rtr rr 
rtrt 4 rr qiw IqqT 4f r^ ^iIhrT 4 rr 4 fq^Rf 4-' qfq fqsr^i 
qpiJ M q> 3TRT Rf |R qft^ RJRT q> fqqTTf q4 R^RkcIT 4t c4 TRT RTI 



rtrr jicR^R 

Hermann Helmholtz 
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RR RJRF 3RRT fR5FR siMRIH R% chlR)l^l t $ 37% W( T3^T 
R%d R^lldRi 6<Hd TJ^T 4,4> 41 H fi<rH§ ) <r'i'R sTR R7 45^ 1% 

3lRf ^%RTT RflfiRR Wf tl 1847 4' RTF %TTfRRl ta 4 3R% fRRKf' 
Rif RRJR fRlRTI 

t% %f TtRRfRRR Rcfl Xff^r % -q^ ftfRr tf 3%f 3R% fRR^R 
R% TRTRFf %' ftcRbd ffl 31% % 3RRR f%5FR 75RTI 3RRR RR iRTTsRT 
3fR ^RT ^ 3RfR5 RTR R1RT Rif 31%R: fw ffl 1840 R^ 31NH4NH %RT, 
RJR 3%7 tlRTfoRR % do^I-RR^Rl RR fegTR TRlPld IdvHI I sTR fRRR R> 
SRJTTR di'dt RR7 7RT % ^7% t" RRRT Rcddl t RTR^ ^ c Cl<M 3 >rI R% 
RRR Hldl 64^11 T^Rl-RRTR <5dl ill 

fRRTR R% 0^1 fRRfR RlRsIT t Rf 31Rf R% RR1 7RR % % 

RRRTR, 3TR 7R RR1R R% do'df Rif 3>c>HI f RRR% 3%7 fR *^1 R> 
^RT-3R7 RRR RT R%R RRlff tl RRT RIRsTT Rif ‘ RRfeTRRlfRRR ’ Rl?% tl 
fRRR R^RR RR1 ^RlRf RFR % t fRRRR RRRTR %%1 t ‘RRRl RR RRTR’l 
W %TlfRRl RTRRT RR TJR RR%RR RRRf-TTT^R R^ f%RR R7 
3RRlf%T f| fRfRIR; 3TRFR R^-RR8F1 ^ f%RR Rif ‘ RRfRTRRlfRRR R^ 
RRRT PlRH ’ R> RTR % RTRT RTcT! tl 

RR f%RR RRR R7RR RR tl RRRI fRRR RRR RRR1 1? 3% 
7PT5T% R^ IrTR 31Rf-RT3TR ^ f%RR Rif t^rfRR! 7TRR RRlR^f fRlgjcl 
RTR% tl 

31Rf-RT3TR R^ fe^IR Rif 3rR% RR1R RTRfTR ^ RTR RTfrff RR 
RF^-31% t fRRRTR WT 7T3TTI RRT, R7R7 RTRRR f%RR R7¥ RfRR RR 
RRRf t? RRT %' Riff RRRTlR RR RR1RT t? 3f% RRIT 

fRfRR-R % '?RT % RfRT IsTST 'gi RR1RT t? W RTR ^ f%TR; R!Rf R1?T % 
31107%? 
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5 

RR fR> 37TR^ Hl-H RR RR7 yN ’ll RR1 377R 37H% 
f%RRl Rif RRR1 RRR RR Rlf% ? ^FTffsF RRlf-RTSTR ^ fWT R^ ST^TR 
dndt Rift §7R Rft fid] I 71R CK5 371R RvRf RR RR7 RR % "jjn], 1 h>< 
cUth] slk 37% f PfR Mg<H RR %’ RFTTcIR RRRT Hl^l I sfk RRf %1 $}<*, 
hR c IR' 1 f 377R d7H% <rl J I Id K Rja-R-R)® RRH c] Hlf] I RR7 fni RFRR 

ftRl? 

RTTRfRRRTI f fTTl RFRR Rft ftRH Rdf Rift R|RT Rft ft%t t, 
RTRJ ^ft-Rp-'Sft RRt R% RRR f Rf7Rf%R Rff fRRRl R1 RRRT1 tl 
fRR% 77RR W RTRgTT %R1 R%R %TfRR7 fRRTtdR R%F %77 
RRRRt %l R#t 37RR1 RRR RRf-RR8RT ^ fWT r] yfdRKH f RfR 
HRd 1824 f RJR fRvRTI RR7RT Rft RRRf-TTTSTR Ro fRRR RR fRR5 RR% 
f Rpf 7?fR Rff ftl RRRTt R^7 37R ftft RRRRT f Rf% ftl 

1824 f RTR ^ fRRf £KT 37RR% RR% iRiR, R1 Tf f I RTR 
Sdi f HRd HmI Rp RRTRT1 dldl 1? 3TlT fRR RRT R7R R% RR7 RRp f 
RRlfRR fRrRl RTTR1 'll iff -iff RRft f R7R RHI ft%t f R77f RRp RR 
RJR Rcodl Rlcll tl RR fR RRR R7R Rft RTR RRp f f fRRRRRt t ft 
RRlf dlf Rft Rif 37lt-4lfl Rddl f 37% R%R fcjHc) f 37% RR cRR f 
RRRpft RR% RPRR ftf f| 

ftf cff RRpT-RRR RR SRId, RRRT1 k 50 Rid M6dl ^ 7p ^Ril 
Rll RRk R^ 4JRR Rt ^ RR^ RR^ RTR^R RRRp RRkRRRI RURp 
RlRRT Rtl RpRRl 3Tk RIRltt ^ RdlP Rf RRRf pTRcft 3Tk RR^ RTR RRcft 
3fR RRRpft RRk RfRII RR^ RRR^ atk RTR^ ^ ^RRT 5 RplRTR RRlf 
Rt RR t 3M4|J|) RR% % RftRfpR Rfcftl RIRP 95 RfRRTR RRRf k 377RRTR 
RR Rft%Rl RR %fal RR^ RR% Rpf RRRpft ^ 77 % R%f ttRlI 

RR7RT R% Rf% ^ilH-^Rdl R% J J j u iq<xll R% %RR7 RR% P* Rtl 
RR7RT % RR’ 37^RT fR7R7 ^ tdln-SRi Rp RTRRRl R% Rl R%^ R^ 3 >cRI 
RR 87R R Rkl pRl RR% ^ R1RRJR RR7RT % RR RRR% RpRcftR RRR1 R% 
%1 R7R7 % pRl 37KRf %RR r 4 37R%t RRR1 RRR7 R% R7Rt %t 
RRRtRt RR% %' RfePfR R#f RR RTRR1I 

^%)R fRR ^ RTRRR k R^R R1RR1R R7 R7R Rf# t 37% 

‘RTfRFT %R7!’ %' RR7 R7RRR R7 RFlt R%R tl RRRT fRR RRTRR RIRt 
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R4 RRRi RR RTcft i? sftr ftR RR 4" RRf RR RTf RST <=h<<=h 
‘Ri^FT R^r’ R RRft Tf RTfqR RRRT RTRT tl 



Steam Engine 
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qqftt 3 Rid HI 1% qp qqft oFff Tnqr fftqft qqfttft qqft ft 
wn ^T qqqq an ft fq ftft' dlMHHl' ft aftr ^ ftft TOt aft I 
dlMHHl ft fftHT 3ftftq7 3qft ftftT qqft ft aftftq^ qqft qqftft qqft ft 
qqftfti qq 1%# ft -groTfr ft qqjjft qqft qqfttft qqft ft qft qfttfti 
ftft' dNHuT ft fftqqT qqr aftr ftrq qqft qft qqq qqft qqft ft qfftftfq 
ftft I 3Tqq Tftq-ftqq qq dNHId d.di-'HHM ildl, dldl dnft 3ft fftqft 

dlHHId ft qfft 3ftjT dil ftftFT ft fftT dl5 ftlH-ftld RidA ftt a-cd 

dNHN qq qft q ft, qqqft q^ ftt qqft qqfttft qqft ft qft qqftfti 
3qq ^nft ftt qqqq qftm qft^m qrq qiqft ft 3ftq sm ftt qqq 
qftti 

^qftqqqT qqqft qq ^qiqw ft ftt ftqq ftt qqri aft; qqft qiq 
qrg' qmq qqr qqft fttqqqft qq fi^ft ft qqrq sqiq qft' fftn 

qq 1850 ft q>Kdi ■ft qqft ft fttft qft qftft qnfti q[q> ftd 
ftftqqr qftftq ft ft qfttfftqqr, qqqft ft fttqqqft qq qfttqqT ft fftriq 
qft qqft i 

qftft ^ ftqqr qftq-ftft srk qqft dmon ft 3qftft qft qft ft 
iqu qnq-qnq qftft qftt qqqq qft qftaft sift qqft qqqr fftq; 
qqfttft qqft qq srsqqq fftqn qqftfftqq ft qqftt qn ‘qqft’ qr^ qft q^q 
qqqsi-^T ^ qftqifftq fftqT fftqft fft qft qfftfttq qjft ft qqftfq fftqT 
qq qrfti 

qfttfftqq ft aqgqrrq qqft ft qftt qqftfftt qqft ftq t qq qqft 
srqrqiq qrq ft ftft ftti sfr sqqft qiq qfti qqqnq ftt fftqft qqq 
qqqq qft q^q qqqt qqft qiq ft, 3ftq qftt qqqq qft q^q qqq qqft 
qpT ft ftt ft ftt qqqqq qqfttft qqq qq qqrqn 

ftft-ftft q? qqqqqr qqfttft qqft qftq qqft ftft qrft ft qqft 
qft qrqr qqR ftft qftt qiqfti afq ft qq ftft fftftf ft qqft 
Tqq-qqR ft qnftt ft qqqqqq qqftft qqft qqqq qft qq ftqn sfr 
3qq qq qqqqqq ft ddidK qqfttft qqft qqqnqT qr^ft t ft sqqqft qqft 
q=F qq ft qqr £irr aft: qqft ftqft qftft fftqft qpT ft qqq qqft 
Til 


26 



Iwr ^ f%m; fern wft ttan qfetf qft fenff f mt 

*'Jl[ <Hpc|Cl Ftcft tl *'Jl[ %t 'Fit fern >Hsl %> =h'ldl '3% ^Hlchi ■HH'H 
f%< 2 lial tl %<HI <=h<^ c|<=K1 feFT <s|<rldl tl 3TO %" fefT '3% *'Ji[ 

tt 'Erst %f 3RT "3%? «Fff tl Rlet t 3?% ’ETS% i>F> Rlet 

tl RTtt i£ qR %t %T ^RI ^Tfro ^T^Tcft tl 

^tew % TRfT qfqq qq 7JF f%RsTT %t %t 8R '3% qqfaT 
ani ^3% ‘ MRImI’ 'TFT %RTI f%FTt 34<=b<u| %' qRff f^Tcpft 3[fer 

TRfT-TFrR tteft t RiRfft RF%t tt 3[feT TTR%ft tftt tl ^R Rq^rq <£ 
Titt %qqff % t^qr-FFTR '3Rrf tt Rmt t tr qqreft R^Ff)- 3rf%qr?R tttt 
tl 

1852 4' Ftrtftqq % Risini 1% TTRtqt prtt ®ra%t wt t sfk 
1FFTT $d<=hi T^-qFTR ttcft Wt tl 3FR 3TR fTT TTfeFT ^ft 
3F5T chi'll FI5 f%7Ft f%T ch^t 3FFTR tt eft O.'H I FvT% %> f%F[ 3?% 

■dn'Jlt <21% chi'll H-S J D I cRI6i u l tf Rm, 2|%1 % RT%t qi% %f f%pr 
FF tA qFR T PS T TTI 
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The Sun is the Source of Almost all of the Earth’s Energy 

-ijscfi- or ft rur RRf w *rnr i 


3FR RR RTH RT RRlf R^feT RTRt R?7 

t cfr RFRl ?R fRRTf 3RT RTR RT R^qf 3RRR R5TR t'l <£ 

R5T f "En^ft RTR W1 3Wtt RKk Rt T^tWt R^tt tl RR7 RRR 

R^ R?^ ^ RHt TJ^OTT tl RRRTT ^RTRT ttcft tl sfh 3RR 

sR RtR RTl R<^M< T#' eft R^tHt lt?TT RRcff tt Wt tl 

eft RRT RRt RT s?T -cTlvrf R-sl Rff feFT 'tt Rft-Rft <%d itt 
t? TJSeft R7t TRttqt erl J I Id K RR Ttl tl RR ^8Rt RT RT RlR t SR RRT 
<=hH <=b<d I RR RRf Rtf fRRT t? 

S-HRil R?RT t 'tt Rtf Rt RTcft t tfl tt R^Rt f Rjt 

R^ MI RTf RRrf RRsff-RRttf wff 3 RTRt RTRl Ttt tl WTf R«Rt t 
RRrf R7t SHHHHdl t 3fk wM RTlt Rf ftR sJ^HId fRRT RT 
RRTRT tl 
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FT FFT Tjt tjff-Fff FFT TFT t? FFTtiFFTT Fit 0.-HI crHIl I Tj4 
sftT 3FF TTFt Fit mt-mr FFT Tt t, sffc 3R Tt FT|F Wt FTF FfFR 

f FiFt ffrt TTPjnf ffftf fft fttttfi ff ffftf ^ ir^f-cft 3?FFt 
TTtFT FT Fttt 3TtT Fiff FFt Fvtft tfff f ttFTi 

FF^f P+'H FFFT 3TTTFTF Ft TFt t 3TR FTTTt FTF FiFt FT FT TFT 
t, FFfelFFTfFFF FF TTFi FFcF^ fFFF tl FT FFFf FT^HF fFFFT FFf 
FT IFF Ft FfF FFTF'J’f tl 

3FTT FFFf TTT^TF FF IWcT FFtFTFFTfFFF FF FFFTT fFFF t 
Ft fFF F?FtFt, FF3rf Fit 3TTFTMFT Ft TTTF FFTTFTT FF TFt t 
FFfFTFFlfFFF FF ^FF fFFF FtFTI 


Cross-Section of a Volcano 
■RTFTFJFfT FF FTFTF 
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do'Jlt RTRSTR Rn^lcl Rf RRTRRT Ri RTR 3R RSRl' Rff divsi[ 
RTRTR3Tf Rl Sirant 3 W1 RT R1RRT RTI RRf <£ SIRR-SRIR RT1R 
RR A 3TlT RTRt d^'Jltarf RTf 3RRRT aTRRT-RRRTT RT RTRRT RT ReT 

RR Rt WJ I 

^MrgferRf afn: ■^rpr RRf rt wr R«Rt ^ rrr rro^ 

3 RW Rtl RRRTTRR ^ ^RR-Rlt RTt RRf RSRt ^ Wf Rt ^R 
#cft Rtl 

RRRJ R2Rt RR 3TRR-3TRFT CK5 Rt RTRt do^Iaff RR T^R RTR 
RTRt - 3?k oft t RJ?t Rt RRfl R»Rt RR R1RR #RT Rt fRRTRT Rt 
RRlRf-RRsTT RtTRT Rl Rj4 RFTTRTR RRTt RTRRT Rt RTTR RRR RR tl sftR 
R»Rt RR RTRR ^ 3RRRR Rl ^ Rt Rt RRTt RTsIRRT 3 RRR-RRtRt' RtlRtt 
Rt RRRRR RR RtRTI Rt RR RRtf RR Rt 3Rrf? 

RRt RRtf RTR5FT RTT fRRR RRRT R«Rt RR Rt RTF^RfRT RfRt? 
RRt Rj4 Rt RRf RTRt 3RIR Rt 3TRTt RRT? 



Cross-Section of the Sun 

^4 =frdM 


Ir-I dli RftRt '■t RRtf RTRSJR fRRR RsffRT RT RRt Rt T RR ^ 
#RfrSRI 1854 3 # RR RTRRRt RR RPRtRRT Rt RTtR^t RPtl RRf RRT fe 
Rj4 Rft RvRf RTRt Rt Rt 3TTRt sVD I RvRf Rt RTR Rt fRRT Rj4 RRtst-RsJRRT 
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wff qqT <$4 ^TcTcn 4411 TRTFfe qqqf 4 41 qqiqT-4-qqKT 

1500 Wf ^ftf^cT Wl 

W RqqqR ^j4 4 <rl J I Id K 31FR 4r 41 wf t? 3RR ^TT 4t 4f 
3<rq>l34 qff ■'lld'Jl-do'JlI 3j4 ^4 *qf qq TT3T 4f ■Hqicil 4l ' C R Rs? =hr L HI 

TTST q4l p-|cb<rTl I 3RK ilyi gk| eft 3j4 44 STf^T^T ‘HlHqqd 4dl ^llcll 

stk 4f -qa^t qff 3f[q 3Tf4q> qqr 4 OlTdcll I fq4 qs4f, ^j4 Rq 3?R a 41 
4 "qqqR wirnti ^ 3R#Fm 4 4ri q4f ^sni 

ftq 4 3^4 4 f4qqg4 qff TRS-WH 4 q4 4 4411 

qj4 4f n4f qpT 3^4 qtq qff sfk f4 t4 44 i sfR qq4 4 tt 4 qff 
■'iRiq-di'Jit tj 4 qff *4 qq 41 d iff ■H<*>dl ill 3 fr O.'Hi slcii 41 3j4 qq 
qR q4f wrtti 

1800 4 3rrferft wrr 4' %nf4qi ^4 4 f4qrs4 qff 41 qnqff 
*4 qq 41 d hmh ri4i qiqj qpu 4qif4qff qff qi? qirqi wf q4f <n j Pi i 
rh 4' f4 ij4 qff *4 qq 41 d qnqq 14qqgqi 4i 41 Pm qn 
qrffe q4 H6<H 1j4 qq STTqqq fcRl d-SI 441 f4 qs4f qff nRshHI 3j4 4 
sfqr f4iq 4t4fi sfk qsqf qq qqi q4f qq4 qq qqr "^4 4ki q 4f qqi 
4fqi 3f4 q«41 qn4 quR q4f 3q q| 444 

?qqq qqqpq wn qi - qaqt 4t qq qq qqfte q4 4 qnr 4t 
4141 T qrf4qi qr f4q 4qifqq4 4 q»4 4 44 qq sreqqq f4qi qi q4 
qq qiq qqiqq qqrq qrqfi qq4 gqrfqqi qs4f qq qqte wr 4 qi4f 
^riqi Tjqql 4li 

1896 4 q4q %nfqqi 3f4tq 4# 4chq^Rd q4 qqi srjql 
f441 - ^tfqqq 41 fe 444fq41 41i ^tfqqq 4 4 d J iidK 4q qf4 4 
sngsrf 4 41 4f4 qqq doidK fqqiqi4 qq4 4i qq qqqf q4 qf4q-qqql 
q^d 3#iq7 aft i qq4 qqqqi 441 41 qqqf qisd fqqiqi4t 41i 

1900 4 -^41 44 4 qq4 fqfeqi 4qifqqi sr4r: w>+ 14 4 ^q 
qqqf 4 qi?q Fd^ddl qqqf qq f4qiq qmrqn q^4f4 Rqi fqqfq 444fq4f 
qr^ 44qq 4 fqqiq^ qrqfl qqql q4 qqqi qfti qq? rtr r 41 ^34 4 
44qq 4 fqqiqrql qi# qqql qq4 344qr 41i q^4f4 f^snqi fqrqqi qiq 
tPsdH 4 qq 44 fqqiqi4 qiqfl qqql qfl nidi fqql 41 fqi qqr4 Rqi qrq 
qq44 rrH qq qqiqr qq qrqqn ani 3 rt 4 44 tfeqq ftq[ qqql 41 qqql 
4qi qqqq sfR 4f 4 ^t 4qqst qnqff qqr qqqi T^qii 

q?' qqql qr?T 4 sqf? qqr qqqf 4T8jq qq fqqq qqrq qi? 
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Rff t^ftt Rtf' rftti fem r^ sngsff' f -qcf7 r^ RTRf f^§n^ 
tf fRRR^ rr 4' %nfRRf Rff rrr Ren Rtf' rti 

<«9>lt % ^fttfRRf snjsff ^ PlR,^ RTRf ?PR R% R^ W R^ 
TTTR RRfR fcbM.1 ■S'hA RR? TTTRRRT SPJsjf t* Tf llRTd fRRT sftT t «)ltRR> 
d-lff Tf PlRxrl RRI RT RTRf-RT'Rf off 3TRJ3RT Ro 3TRT Iri-hI r)r Tf 
RRRTRR RTTf RR tf RTfT 3RTi| 

1911 4' TRTRft R STRRf T°ffR Rpf ’RfRRl Rif I RT^t 3RJTTTT 
snjsff R^ 3TRT TJTRTR: TURTf TRTR ttRT tl SPgaff ^ Rtf f TJTgqR: 

R|TT RRR> RTT Rf R> u l - ITRfRRITT tft tl RT^ SRjaff R> R>R tf TTRT 
RfR RRT SffR tfRT t fR^ TRTRft t ‘3TFTfRRT Rift’ RR RTR fRRTI 

%TfRR7f of RTR iff RIRplch RlfR RR 3T?RRR fRTRT 3^R RTlti 
R^tft RfRTR 3^R ^jrtr xnTT| 

aRJsff Rf RlRRf RRT f RtfRRTTT ^Rt tl RR 3R3 RRTf f 3TR 
fRTTI RJRTf t eft RTT tfTTR RTRf RTs?T PH+ddl tl fttRRTTT tf TRRTRR RR 
RRRf ‘ IIRIRPHR) RRRf’ tttf tl 

RR 3HU|pc|cK RTpR Rf RTRRR sfk ^JRRR ^RTR TTR?f t tf tf 
RTRf R1RT PdRiddl tl RlpR t R1RT PdRidl fR RvRf Rif ‘ 3TTRfRRT RTRf ’ 
RTgt tl 

TTTTTRfRRT RRRf Rff ^RRT f RIRpRRi RTRf Rff RTR1 RfR ^RTRI 
tttf tl 3R|J3ff Rpf RTpR tf RRR RfttfRr tft tf RT|R 3TPRR1 RTRf tfRT 
tRPf - 3TRT RlgJ Ri ftfRRTTT RftRTfeR tft Rf R§R RRT TRRf t^j tPil I 
3TR 3TTfeT %nfRR7f RITT Tjt RlTRRcT RRRf #R Rif RRRR 



1924 t flrfRRl RIRtRIRlTRRf STl^T R^RRRR t Tjt ^ ^ 

f RRT RRI«f t RRRif RRR1 Rif I RTfR 't RRT RRTT 1% Tjt RR 3RRfR 
RT Rt Rfrn gfk RRRR RTRRR RRftf fttf ^Rffe ttRTI 
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1929 3 3r( 1H WTfeimH IrH Rffel Hr I If FRW1 
RR HrHrF flRl H RF RsUr flRl % Fjl TJ1RR: SlfH*H « 
Ir RR RR1 'll 

W dHR>l! RR ssHoid RR RllR-3R<lH ^dlPlR) Hr II I 
I r% I If tI rirrIr MfWnT If wir rr w flRii 1938 I 
rH Tsnftci Hri % I H ^ff^R I spj fldR>< RcR H%rr 
rr snj rrH Ii Hri rr *-3j%pk r?jrr’ Ht I affc rH ^f 
If R1TRRR Rf| RR RR ll 

SR Rif IrH fTT RTrf RSl Hf | % I ^T^ffoR I 

3RJ <rl J 1 1 d K HPdRH I sruprf I Wl ll 1 1 IfT I If 

?RRf Hr RTRT 4^5 I fl If 500 Rife RTR I d J lldK RRRT R1 ll 

RR PdPiMd I fl R=F f|l ^jl If RTR RlfH^T W1 If 
woTff i rt |rt HI I rrt-H-rtr 800 rH rI sffc rfHi 

Htr r?jrr’ If Hrt H ^1 If rrI % HH I 

■dD H SFR Rif dll Rif dnl If RRJ lldl ll 3TlT dnvslf-RTSJR RR 

HrHcf r rHrt Rslf ft rtf^ Hri I rtr If rrfr rrttr ft rtf^ Hr 
Ii 


d!?4MH I RRf 3R3ff 3 FffWT cgT fRRfR 

Fusion of Heavy Hydrogen Atoms to Form Helium 

RR1 Riff SFR Rd| t Rf STFtHr Rd| | |f srflR dPRddldl 
I? RRl Rif I ^5RT H srlf ^H^lFl RR1R1 ll FT^ 1900 I 

rtr H srlf ?TR IdiPill If srlf rrt Iff fflf Rf frrt If rrI rH 
fUf I flH I frH H H r rtrI Hi 
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7 wzr 3frr ^3v3rf 


WRfa W wn ^qTT3ff 4 ^ cfr RT RiJlsR: 3R^ 

?Rk ^ JmNpHch RTT $\ 

Pm cfPff ^ 'PTT shm y i i -ci Ptvyi sfft xfNft Rd T7 cid^ ^ 

RTR TTterT 3Tk Wd ^IHorT ^ RFlf 'RT RWT TfrMI 3TK 

W% ^ 3 RFR RRR1 #1111 

'y^ci mH 3T?3 y^d d'^1'1 Mdi-sl sflr c|^i rt! 'f^R vj)d 
si^HId 3TFT RFlf RT WTpT RRR TTRsn I R^T 3TFT 

RTf 3TR RTTI ^ Pyy, Rt ^kIhkti RRd RFh 3TFT <nVil Rd TRf J ihT 

y^M <=h<cfl I 3TFT ^ TR 'Rf ycfrRI Rt PhMcII I 3TFT ^ <21 Ml WI afk Rf 
^3Tf, RTR 3fk tWf <£ FIR T? «ft W STTcftl 

1700 ?R> % R|R ^ft ^ RR Tt ^1 RRRt 

slqjWl ^ R# RRT afti 



3 rRt 3<tit w $wyiH cft% p; 


f^T df RR^t ^ FRfR fecRRT ^#R RR RT RRf ^ 
RT RR RTfad' Rf FR RRR ffl 1700 ^ Ffa f5R R1 
RlPl^R fTSfll RR# RK 'f^R Rd TRTFTpR) RRf Rl OPdSlfld RfFTf Rt 
RRf RRR RRl RTRR |[3R| 

fRR-fRR W ^ FtR-'fRR FTTR R3;i R7R RRTR1RT 
R?M Rif RRld, R1R FJS; RRRlf Rf RRld 3lfc R7R RRfa RT 
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W life 4 fe fet feffeh oTfeff fe fefeq 4 ffeft ^ wr sn^i 

Rs? ddcd 3 h 1 Sj) P I — shl fcl fe did ft ^IMI RRTI 

jjddi fe Trot ■wfe-^dl fet Rvfe fe fent fe^q ft" ddife) Rift 
«ftl 1700 3' ffefe fe RRTft fet RRTR fefaft RTT wife ^ ffeRT 
RRfffe ffefe 3 7Tf[ RTRT R RTTReTT RRRRR RTI 



In a Coal Mine 

1800 fe w fetRRt fet TW ddldK wt fetl RRfffe ^ 
fetRRt RTT feqfe eft ^t R?T T^T I WfeR RRfa fe fe# RTT RTtReR WI 
life RT RTR Ru-SK R]RT ift Rlfel RT 3TFR Rllf fRRR Rf 3TfR7t RPTt 

wfe fe ffe RTsrf-^ffef rr RftRRt fe ffet Ri |i ^r ■s-T^nr 

Rrt tow 4' ^nff ora RFfei 

iRR cfprff ^ RTRf RR RRT RRR1R TTtell 1800 ^ -ddl* fRR RTt 

tttttrIrrt R^rf ^ fe ^H<=bT fe fojf fe #r if rr fe ■q%R rrftr; rr;i 

fTlft 'TJJRRT fet OftmtR RRRf ^ fRRJR RTR ffel f^| fRRJR Rife RTt 
ifdm sfe ffeflRftR fe ffm; t#i fen wi fe^R wf ^ # ^ffen fe 
TTlf h)cR Rcdc) T?' fet effef R? feld, ST^RTt d->IH RRc) i? I 

fRRJR RTRlf RTT feqfuT RTtRRt fe 'Wlff RTt RRTTRR # TT«TR 

f3TTI 

RTR]^ fefefe RTt 'dnld fe Rfff ft <2lfe RR *H< RTTRT 3flT ftR 
R^ RTlRsTlRt' CRT 4ffelHI RRT i^fechd RRR f| 1800 fe 3H-HMI-H fefef R 
fel fe RjR IsTRRT fetfel fel cRR eld I t', felRRf fe?TT dl-H R?f I felRRf 
fet 3Tf3JT fed fef 'ddld ^ feqTTRRT -jqid.1 3HI'HM ^Idl 'tl fed fel RTlfet 

3Tnmfe ^ Riferf ?ri r^t rtj^ ^ ^ or fern rt wot fi w 

fet c^cddl ff fed fel RRTRT Rt R^TRI SOTTH sldl t'l 
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1800 ^ 3T?T tf ttfa 3 Rltl t^FT RPR W\\ fp f^FTf' ^T 

‘siiMd =bH4!NH t3FT’ ^RTFTl ^tmT t 3lfc ^RFl RWT RFTT, RR7T, 

RRT, afk ^tlf^M R7T 'RRTTR t' %R WTPT tlcTT tl sfo ttfRT 

^rftR 3 pHcbld ftl R tt RR?TT tl 

1900 t> H6d art^TcrRl f ttl eiKsil S'Ji'i RR sfk a-iM R||?l 
tel 4^=hl I 3TR tel RTt Rff =h<H atr fasjd t^l RR7T t» Rm, tt 


sjWHId tit RFTTI 1950 t RTRlt R ^TRJ #T ^rTRI ^nt RFTTI 

^cbd t fe ^ftr ^ atR RTprt Rt Rrar t?r 3 Ritf 
^trj ti trf afk ftttr rrt ti 3#Rim #r ^ rrsr <^ph is tit 
RFT R#RR T Tr c F (' WFT ^ Mtt) f Rl^ «nt tl 




SR Rdt tdT TO tf m t Sit Rd-Rd dftd RTRT 

'RKI, 3TR 'RRI sJ^HId R3 dt tl #T Rf Rfdf tf ddldk dtt t 
afrr RRt RRii Rf ft^d ti rr #r tf w wff sir #r 
1 JCf dR W1 tf RR 

Rd Ir 5 V II dd Cll- 1 1 Sin'll dn'df Rf 'Jl’fMdl Rf 1 Jd ohW? 

<rlVl 1 h>< j«tKl dildcll fdtRdl dKdl ^jdd Rd ttl dd chided Rf 
RPTlR df SIR df PdRIeldl 3dP(T Rf d[R RTI? df ^dt dRd dR ^ Rdl 
T3R Rfed RR tl Rfdtf 3Tk dp5 STR R«[df t tdT dRR R dTRdT t, 
dd dd R d|[d RRIT H-S' 111 

Rdt SRIRT RTddTT sffc toT df' Rdpf df <=JSTT sffd RfdRTdR 
RTIRf % ttf tl Rdf FdT R|fdd ttdf t Rf RJR df fdR dfd 
RfdRTdR tl 

dffddf sfld tdf dt dTRdfdR Rdf df SldlRT Rf Rd RT fRdff 
STR Rdf Rdf dd RTdfd Rd dldtt t? STTUTfdR Rdf ^tdff dtdt? 

1939 t SIRf td t ^ffdRT Rf dlft Rf df Rdf f dfet dff 
fdfd Rfdffl Rldf RdTdR fftdfdtf dflt ^ TJRRdf RRT STFdfdR Rdf 
fddddtl 


Fission 

Chain Reaction 

fddd dd R«H 

*c 




* -- 




1 NEUTRON * 

l-'dS w 



<f> 

Z 

O 

<£ 


C \K 
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3TRTfan f ^ifHcb fwi RT RRt W\ RRffo 

RRRf RIRI srfsjcp RiRT f 1 tTqT% Rt ^TPSWn *ftl 1942 ^ 3RT f 
^fd4H-31H<l=hl %#RF sRHlcbl ^ t?RR f fR RTPPTT RTT RRf 
fR3RT 3TFTTI 

RTFt MpRIlHW^M ‘Iw^-R^R’ RI PPlPHcb-RTR RRI STFTfe 
dn^t R> IpT <3*^1 R TTT^K U I TTRTRfRRT ®l^l R^ 3T^8JT chtl 3 tF^T^t' iRWy 
PtvHII 



Atom Bomb ^ 


fgtffa h^i^s ^ rk Rt 3nuifc|cb fei tt RRit Ritt Rj^dfi^i 
RFTTR RR # fRRT fe# fRWfe ^ fR^R tgT RR RRt ^1 w w 
STFTf^T RR5lf ?n% <£ %R wrm Rt R^l 3TTR ^fRRT ^ Rip ^ RFTf f 
3HU|fc|cb f^cf RRR tl 

rt RRf rrr 3 Rrq^ ^ %r stmIrr tt rr^ strjt 

P4RrM wf ‘I’l T3^ cfr 3HU|pc|ch <£ dcMKH ^ %R ^PH4H ^Fft 

3RR RTcjTT ?FRft f ^ ^ RR RRTRf tr ^ -qj^ ^Tcft tl ^jFRT ^fWT 
3RJ fRRRT ttRT t Rf RT tf Rp (RpHRKR PfetfRRf 3RJ WfeRT tl 
^iPhr snft rr p srPhrrr snjsrf ^ ^ichKi Rit Rt Mr Rtf Mr 
RR tl 

p#FR ^iPHR 3TRf Rf ^RpRR RRRf Mm Rt RRTWT t tl 
Mr Rpft SpR RRT R RR1R Rt RlR3ff RT cJM<4|J| RT RR?t tl 
Rt Rip R ^^r-RTR 'gRT RRRR RTRf RT sJRrlHId RT RR?t tl Rt rM 
Rt RtcR fett 3TRR RRRT rr RRRtR RR RR?t tl Rt PPlWH Rt plM t 
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